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RESEARCH LAIOIAIORIES DIVISION 

DESIGN AND DEVELOPMENT OF A PNEUMATIC GIMBAL ACTUATION SYSTEM 

Monthly Technical  Report f o r  February 1966 

This  r e p o r t  covers a c t i v i t i e s  a t  the  Bendix Research 
Laborator ies  Division under Contract NAS8-5407, Modification No. 
9, during t h e  per iod  of 1-28 February 1966. 

1. TECHNICAL PROGRESS 

1.1 Phase I: Gear Motor Development 

A l l  room temperature development t e s t i n g  of t he  gear motor 
has been successfu l ly  completed, and t h e  spec i f i ed  performance para- 
meters have been equaled o r  surpassed. The motor completed the  
e n t i r e  t e s t  program without a f a i l u r e  of any p a r t .  The only change 
incorporated i n  t h e  hardware during t h e  t e s t  program w a s  i n  providing 
a d d i t i o n a l  po r t ing  from t h e  motor t o  f a c i l i t a t e  higher  motor speeds.  
The t o t a l  exhaust a r e a  from t h e  motor, inc luding  the  valve was 
f i n a l i z e d  a t  t h r e e  times t h e  valve supply o r i f i c e  a r e a .  T h i s  
provided t h e  des i r ed  s lope  t o  the torque-speed curve without dropping 
the  quiescent  motor pressure  unnecessar i ly  low. 

The ac tua to r  was disassembled for  v i s u a l  inspec t ion .  It 
w a s  noted t h a t  s e v e r a l  of t he  b a l l s  from the  b a l l  s p l i n e  had 
dis lodged dur ing  previous t e s t i n g  and had caused some damage t o  t h e  
housing and snubber sp r ings .  However, t he  damage does not  appear 
t o  be of a magnitude t o  ser ious ly  a f f e c t  t h e  ac tua to r  t e s t  schedule.  

Revisions t o  the  motor adaptor  t o  f a c i l i t a t e  mounting the 
gear  motor on the  a c t u a t o r  have been completed. 

The vendor de l ive ry  schedule f o r  t h e  hea t  exchanger €or 
cool ing  the  Hydrogen supply gas has been delayed. However the  gear 
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motor development program and ac tua tor  system tes t  program can be 
rearranged t o  perform a l l  room temperature t e s t i n g  f i r s t ,  and the  
o v e r a l l  schedule w i l l  no t  be delayed. 

1.2 Phase 11: Epicyc l ic  Motor Development 

D e t a i l  drawings of a l l  motor components have been completed 
and are being prepared f o r  r e l ease  t o  t h e  shop. An a l t e r n a t e  
design i s  being prepared f o r  evaluat ion and w i l l  be f a b r i c a t e d  t o  
ob ta in  more motor data f o r  t h e  design guide l i n e s .  The second motor 
w i l l  have both  r i n g  gears ,  t he  a c t i v e  r i n g  gear and balancing r i n g  
gear ,  a c t i v e ,  and t h e  displacement chambers w i l l  be loca t ed  between 
them. This w i l l  a l low the  motor t o  be somewhat smaller  f o r  a given 
power if it proves t o  be as e f f i c i e n t  as t h e  s i n g l e  a c t i v e  r i n g  
des ign .  
e s t a b l i s h i n g  a se t  of motor design parameters f o r  f u t u r e  des igns .  
Spec ia l  emphasis w i l l  be placed on apparent  weak po in t s  and so lu t ions  
or  improvements w i l l  be obtained.  

The motors w i l l  be t e s t e d  t o  obta in  as much da ta  requi red  f o r  

1 .3  Phase 111: Development of a Photoviscous 
Technique f o r  F l u i d  Flow Studies  

Black and white  photographs of the c a l i b r a t i o n  channel 
u s ing  c i r c u l a r l y  po la r i zed  l i g h t  were taken f o r  var ious  flow cases ,  
and t h e  photographs were analyzed t o  determine t h e  r e l a t i o n s h i p  of 
b i r e f r ingence  versus  shear  r a t e .  A sample of t he  f l u i d  w a s  with-  
drawn,and t h e  concentrat ion of mi l l ing  yellow dye i n  so lu t ion  w a s  
determined t o  be 1 . 4 .  It w a s  determined that from t h e  r e s u l t a n t  
p l o t  of b i re f r ingence  versus  shear r a t e  that t h e  apparent  concentra- 
t i o n  appeared t o  be 1.32 r a t h e r  than t h e  experimental ly  determined 
1.40. 
by fo re ign  p a r t i c l e s  o ther  than mi l l i ng  yellow dye showing up i n  
the  a n a l y s i s  of t he  concentrat ion.  Due t o  t h e  f a c t  that t h e  sample 
i s  only about 100 grams of so lu t ion ,  t h e  t o t a l  weight of t hese  
fo re ign  p a r t i c l e s  would only have t o  be .08 grams t o  give an e r r o r  
of t h i s  magnitude. 

It i s  f e l t  t h a t  t h e  poor co r re l a t ion  of data could be caused 

. 
8 * b  

The vor tex  valve w a s  i n s t a l l e d  on t h e  t e s t  s tand  and photo- 
graphs were taken f o r  var ious  supply and c o n t r o l  flow rates, us ing  
both  plane po la r i zed  white  l i g h t  and c i r c u l a r l y  po la r i zed  mono- 
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chromatic l i g h t .  The c i r c u l a r l y  polar ized  monochromatic l i g h t  w a s  
used t o  record t h e  isochromatics,  while t he  plane polar ized  white 
l i g h t  w a s  used t o  obta in  t h e  i s o c l i n i c s .  
l i g h t  r a t h e r  than monochromatic f o r  recording t h e  i s o c l i n i c s  i s  
t h a t  t h e  i s o c l i n i c s  are e a s i e r  t o  de f ine  i n  a f i e l d  of color  as 
opposed t o  a black and white f i e l d .  The i s o c l i n i c  photographs were 
a l l  taken a t  the  same flow condition, bu t  f o r  d i f f e r e n t  or ienLat ion 
of t h e  angle  of t he  p o l a r i z e r  and ana lyze r .  Since t h e  vortex valve 
d i d  not  provide enough f r i n g e s  a t  25OC t o  ge t  a good idea  of t he  
flow f i e l d ,  the  temperature of the  f l u i d  was lowered u n t i l  3 
f r i n g e s  appeared i n  the vortex simultaneously a t  about 50% supply 
f low.  (This flow case w a s  s e l ec t ed  a r b i t r a r i l y . )  The f l u i d  tempera- 
t u r e  requi red  t o  produce t h i s  was about 18Oc. The c a l i b r a t i o n  
channel w a s  r e i n s t a l l e d  and flowed a t  t h e  same temperature (18.0~~) 
f o r  flow rates of 10, 20 and 30% flow t o  provide b i re f r ingence  
versus  shear  r a t e  da ta  f o r  t he  vortex valve a t  t h i s  temperature .  

The reason f o r  using white 

A model of a monostable MF-2 ampl i f i e r  w a s  t e s t e d  and photo- 
graphs were taken f o r  20$ supply flow wi th  no con t ro l  f low and 20% 
supply flow and 20% con t ro l  flow, using c i r c u l a r l y  po la r i zed  
monochromatic l i g h t .  The r e s u l t s  i nd ica t ed  t h a t  attachment would 
no t  take  p lace  under any circumstance, which concurred wi th  previous 
t e s t  r e s u l t s .  

The con t ro l  panel  w a s  i n s t a l l e d  on the  modular enclosure,  
and t h e  system has been plumbed up and checked f o r  l eaks .  The model 
f i x t u r e  w a s  i n s t a l l e d  on Lhe wr i t i ng  su r face  of t he  cabine t ,  and 
the  vortex valve w a s  plumbed i n t o  t h e  system. The t e s t  s tand  i s  
complete except f o r  t he  i n s t a l l a t i o n  of t he  hardware f o r  t h e  o p t i c a l  
system, which a t  t h i s  time has not y e t  been rece ived .  

High speed movies of t h e  s t a r t i n g  and s topping t r a n s i e n t s  of 
t h e  vor tex  valve were taken using c i r c u l a r l y  po la r i zed  white l i g h t .  
The f i l m  speed w a s  va r i ed  from 500 t o  1000 t o  2000 frames per  
second. An at tempt  was made t o  record t h e  t r a n s i e n t s  wi th  mono- 
chromatic l i g h t ,  bu t  even a t  500 frames per  second, t he  l i g h t  
i n t e n s i t y  w a s  too  low. 
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2. PLANS FOR NEXT PERIOD 

The ac tua to r  w i l l  be refurbished and worn or  broken p a r t s  
rep laced  from t h e  spare  p a r t s  inventory.  The a c t u a t o r  t e s t  setup 
is  t o  be completed t o  a l low debugging t h e  ac tua to r ,  load s imulator ,  
and t e s t  procedure, before  proceeding wi th  t h e  room temperature 
a c t u a t o r  system t e s t i n g .  

Fabr ica t ion  of the  DYNAVECTOR ac tua to r  w i th  balancing r i n g  
w i l l  continue during t h e  next  per iod.  
double a c t i v e  r i n g s  w i l l  be f i n a l i z e d  and d e t a i l  d r a f t i n g  i n i t i a t e d .  

Design of t h e  a c t u a t o r  wi th  

Analysis w i l l  continue t o  co r re l a t e  b i re f r ingence  versus  shear  
rate da ta  as determined from t h e  c a l i b r a t i o n  channel a g a i n s t  t h e  
publ ished da ta  i n  t h e  l i t e r a t u r e .  A new ba tch  of dye w i l l  be mixed, 
and extreme care  w i l l  be  taken i n  determining t h e  concentrakion p r i o r  
t o  f i l i i i i g  t h e  system. The d a t a  w i l l  t h e n  'ue taken imieciiaiely, and 
another  sample w i l l  be withdrawn a t  t h e  completion of t h e  t e s t ,  and 
t h i s  concentrat ion w i l l  be checked. 

The photographs of t h e  vortex valve f o r  pure rad ia l  flow w i l l  
be analyzed t o  determine t h e  r a d i a l  v e l o c i t y  component as a func t ion  
of r a d i u s .  This d i s t r i b u t i o n  w i l l  be compared wi th  t h a t  as predic ted  
from a one-dimensional a n a l y s i s  for t h e  same flow case .  

The o p t i c a l  components w i l l  be i n s t a l l e d  on the  tes t  s tand ,  
which w i l l  complete t h e  f a b r i c a t i o n .  
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